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Abstract.The earthquakes in Makran have a history of 600 years (1483-2015). The new ventures of 
development, urbanization, mining, and exploration for hydrocarbons in Makran region demand recent studies 
on seismicity. The major tectonic earthquakes are although infrequent in Makran, but are responsible for 
generating tsunami in coastal areas of Pakistan and Iran and have a long tail of aftershocks of shallow to deep 
focal depths. The oceanic part of Arabian plate which is underthrusting Eurasian plate (northwards), contributes 
a major share in producing seismicity of low magnitude (ML< 4.0). GIS based analyses of earthquake data 
suggest that seismicity of Makran is not stationary but has been shifting over local coordinates in the last 
century. The other observation is there, may be a chance, that the dates of occurrence of major earthquakes 
(magnitude > 6 on Richter scale) has a relation with the rotation of moon (lunar dates) in Makran. 
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Introduction 
Makran is considered a special case for the 
researchers not only because of its frequent low 
seismicity but also due to a hidden potential of 
shaking the ground with major earthquakes. 
Tectonic earthquakes release several megatons of 
stored seismic energy in few moments, and slam 
the man-made structures of minor to major standing 
over the brittle crust. The seismologists always are 
concerned with the sensitive areas of the earth, to 
find the causes of seismicity and its spatial 
distribution over the centuries.  
 U.S. Geological Survey reports highlight the 
severity and causes of many killing earthquakes in 
recent years in the world. For instance, Mw9.1 
Sumatra-Andaman earthquake (Dec. 26, 2004) 
resulted from oblique convergence of Indian plate 
and the Burmese microplate at  Sunda trench, Chile 
earthquake (Feb. 27, 2010) of magnitude Mw8.8 
occurred due to thrust-faulting in Peru–Chile 
Trench (where the oceanic Nazca plate subducts 
beneath the continental South American plate), and 
Mw 9.0 Tohoku-oki Japan earthquake (Mar 11, 
2011) resulted from thrust faulting on or near the 
subduction zone at the plate boundary between 
Pacific and North American plates. 
 The coastal areas of Makran (Jiwani, Gwadar, 
Pasni, Ormara and Gaddani) are important centers 
of sea-trade and socio-economic system of 
Pakistan, but also fall in tectonically active region  
where minor earthquakes occur almost every day. 
Mw 8.1 earthquake (Nov. 27, 1945) occurred on 
Makran coast (the epicenter was located seaward of 
Pasni village (Gates et al., 1977) which generated 
strong tsunami (waves 7-10 meters high) that 
terrified coasts of Pakistan, Iran and Oman (Beer 
and Stagg, 1946, Jacob and Quittmeyer, 1979; 
Pendse, 1946; Ambraseys and Melville, 1982; 
Byrne et al., 1992; Pararas-Carayannis G., 2006). 
The Awaran earthquake Mw 7.7 (Sep. 24, 2013) is 
the largest earthquake of the recent decade that 
jolted the southern / south-western margin of 
Pakistan.  
 Makran offshore and onshore areas are 
tectonically active and seismically sensitive; they 
spread from Hermuz strait in Iran in the east to 
(near) Karachi (west) in Pakistan along Northern 
Arabian Sea (Fig. 1).  
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 We have gone through USGS earthquake 
catalog from 1900 to 2014 (~ 100 years), which 
shows high frequency of minor earthquakes of 
magnitude 2 to 4 occurring every day in Makran. 
The large earthquakes of M>7 have long recurrence 
intervals. This low and frequent micro-seismicity 
(Mw<4) of Makran is a useful mode to study the 
sensitivity and patterns in Makran. The mapping of 
geospatial distribution of earthquake events 
generally reveals significant seismic trajectories, 
temporal shifts of energy centers, and seismo-
tectonic zones, and precursors to predict a major 
earthquake or tsunami. 
2.  Data Analysis 
The seismological data set (SD) consist of 
earthquake parameters: 
i) Epicenter location – Primary Key  
ii) Focal depth 
iii) Magnitude  
iv) Date (year) of event - Secondary Key 
Arc GIS (Arc Map 10) is used to get the desired 
geographical plots of seismicity. The primary key of 
SD is the location of events (epicenters) which are 
defined by UTM coordinates (X, Y) and provide the 
geographical address of (elastic ground) rupture (i.e. 
Epicenter). The secondary key parameter for 
seismicity analysis is the date of occurrence of 
events. 
A specific database Query Model (QM) is built 
in Arc Map to generate the geospatial layouts of 
seismicity in Makran. In this model, numbers of 
events (N) are visualized as a binary function of 
epicentral location P (x, y) and year of occurrence 
(Ty) of events. The query operation i.e. “to select 
the features” is expressed in Structured Query 
Language (SQL). SQL is a standard computer 
language used for accessing and managing 
databases, and generate resultant layer. 
The resultant layouts of QM are presented in 
Fig. 2 which depicts a geographical model of 
temporal shift of seismicity in Makran and 
southwestern Pakistan. It is suggested that geo-
energy centers formed in deeper earth (elastic 
lithosphere) are not spatially fixed identities but 
migrate slowly over local coordinates as a function 
of tens of years. 
3. Results / Interpretation  
The results of this study are temporal and spatial 
distribution of the earthquake events which is 
asymmetric and explained: 
i. The frequency (number of events per year) of 
seismicity shows apparently an exponentially 
increasing trend from 1900 to 2015.  
ii. Figures 2a, 2b, 2c and 2d exhibit variability of 
“earthquake-density” (number of events per unit 
area) from 1900 to 2015, split into 30 years of time 
windows. These figures show that the earthquakes 
density during 1990-2015 (Fig. 2d) is much higher 
than the period 1960-1990 (Fig. 2c), and is 
minimum in earlier two periods 1900 to1930and 
1930 to 1960 (era of non-instrumental records). 
Fig. 2a and 2b portray low seismicity because of 
less availability of data in pre-instruments period. 
The quantum of data increased exponentially with 
the advent of earthquake recording instruments, the 
change is visible in Fig. 2c. It gives an impression 
as if Makran offshore started generating 
earthquakes frequently after 1945 event (it may be 
the “ice-breaker” in seismicity of Makran 
offshore). 
               
 
Fig. 2a Seismicity pattern 1900 to 1930.        Fig. 2b Seismicity pattern 1930 to 1960. 
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Fig. 2c seismicity pattern 1960 to 1990. 
 
Fig. 2d seismicity pattern 1990-2015. 
Fig. 2 The moving seismicity patterns as a function of time (year) in Makran, Pakistan i.e. migration of seismicity 
(each spot is indicating an earthquake event attributed with year of occurrence). Scale of plots is 1:8,000,000. 
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iii. Fig. 2c demonstrates seismicity patterns which 
can be correlated with the fault system of the 
area under a common belief that seismicity is 
coupled with active faults. Fault zones of the 
area are shown in Figures 3a, 3b, and 3c. These 
fault zones are represented by rectangle 
windows: vertical window represents Ornach-
Nal fault, and the east-west oriented horizontal 
ones, from north to south, define the faults 
Panjgor, Hoshab, Ormara, western Makran, and 
the Offshore Makran. It is apparent from Fig. 2c 
that seismicity is likely concentrated on/around 
the Ornach-Nal (vertical window), Panjgor, 
Ormara, western Makran, and the offshore 
Makran coast fault zones. This is an indication 
that the faults are quite active. Another inclined 
offshore line/window below Ormara marks a 
fault that may be linked downwards with 
Murray ridge. Further, seismicity is also visible 
in the west of Baluchistan territory, i.e in 
eastern Iran. 
iv. Comparison between Fig. 2c (1960-90) and Fig. 
2d (1990-2015) shows that seismicity is further 
enhanced in the years 1990-2015 and onwards. 
Fig. 2d describes clearly that the faults of 
Baluchistan are active, and activity on these 
faults is not only increased in 25 years time but 
also changed slightly the directional trend. The 
adjacent seismicity of eastern Iran (west of 
Balochistan) is more pronounced and reveals 
north-south seismicity patterns which most 
probably is  correlated with eastern Dasht-e-Lut 
right lateral striking activity shown in Figures 
2c & 2d. Moreover, the seismicity on the 
marked-fault, south of Ormara, is also increased 
and traces clearly its downward continuation, 
towards faulted Murray Ridge. In Northeastern 
Balochistan clustering of seismicity events is 
observed along Chaman-Ornach Nal fault 
(CONF). 
v. Figure 2d presents seismicity in 1990 to 2015 
which is much increased in Balochistan, and is 
observed to be concentrated in CONF zone, 
Makran coastal zone, and in Irani Lut Block in 
the west of Baluchistan. Now, seismicity 
appears to be clustered at northern segment of 
Chaman Fault, wherein minor to moderate 
earthquakes threaten the citizens of Quetta, 
Sibbi, and surrounding towns. Similarly, the 
events are sparsely distributed along Makran 
coastal fault, Hoshab fault, Panjgor fault, and 
faults in the surroundings of Karachi. 
vi. Thus, the seismicity patterns, on a broader 
scale, although follow the orientation of 
geological faults (Makran coastal thrust, 
Hoshab fault, Panjgor fault, Ornach Nal fault, 
Chaman Fault, faulted Murray ridge etc.) shown 
on geological map (Fig. 3a, 3b &3c), yet the 
temporal shifts are more pronounced and 
sensitive for developers and policy makers. 
Because invisible or unknown fault lines (blind 































Ali (2006) formulated and calculated the 
reoccurrence time period for the expected large 
quake associated with geological fault in Makran. 
The used notion is; 
Tr = To x 10 b(M-M*) /N* 
Tr (M)= Recurrence Time Period (Years) 
To= Observational Time Period (Years) 
M*= Threshold Magnitude 
N(M*)= Cumulative Number of Earthquakes of 
Magnitude M* & above 
M (Cred)= Maximum Credible Magnitude 
 
The calculation results are summarised in the 
following Table-1; 
Table-1 Reoccurrence of Largest Earthquakes. 
 
vii. Another information is added here, for the scientists  
that 22 tectonic earthquakes of magnitude greater 
than 6 which hit Makran in 105 years (1909-2014), 
occurred mostly in lunar month 2 and 11.  The 
largest event of 1945 (M8, Makran earthquake) and 
2013 (M7.7, Awaran earthquake) occurred on the 
same lunar phase i.e. waning gibbous. It is still a 
question of investigation,’ what’s the relevance’? 
How weak gravitational pull (combined tidal effect 
of Moon and Sun) can generate a quake on earth? 
Although there is a consideration that terrestrial 
tidal effect is stronger at Makran due to differential 
gravitational attraction between ocean and the land 
surface. 
4.    Conclusion 
1. Makran is seismo-geologically an active zone, the 
earthquake data reveal that the study area was 
jolted more than 1000 times with minor to 
moderate magnitude (between 3.5 to 5.9) 
earthquakes, in the last 100 years with an average 
frequency of 10 per year. Few major earthquakes of 
magnitude 6.0 and above also hit the area in the last 
century.  
2. The geological faults system of Makran suggests 
that the area is quite susceptible for earthquakes in 
past geological times and recent which is reflected 
from active tectonics and related tectonic 
earthquakes. 
3. As a result of spatial distribution of earthquake 
data it is suggested that the temporal and geospatial 
distribution of seismicity is asymmetrical in 
Makran, and is indicative of frequent release and 
transfer of elastic energy along adjacent faults over 
the decades. 
4. Makran is seismically active area and falls in high 
risk seismo-tectonic zone. More updated and 
realistic interpretation could be made after 
integration of geology, geophysics, seismology, 
rheology, GIS, statistical and related studies with 
computer simulations. But, the developers and 
planners should include Makran seismicity 
potential (the geological risks of the area) in their 
developmental strategies. 
Fig. 3c Tectonic framework of newly identified 
Ormara Plate (after Kukowski et al., 2000). 
Fig. 3b Active geological faults of southern 
Pakistan (Balochistan and Sindh). 
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